j Abstract Objective To investigate the prevalence of behavioural problems and autism in a population-based group of children with hydrocephalus and to see whether learning disabilities, cerebral palsy (CP), epilepsy, myelomeningocele (MMC) or preterm birth increase the risk of these problems. Method In the 107 children with hydrocephalus born in western Sweden in 1989-1993, behaviour was assessed using the Conners' parent rating scales in 66 and the teacher's rating scales in 57. Autism was investigated using the Childhood Autism Rating Scale. Results Parents rated 67% of the children and teachers 39% of the children as having behavioural problems (>1.5 SD, or T score >65). Learning disabilities increased the risk significantly and almost all the children with CP and/or epilepsy had behavioural problems. Autism was present in nine children (13%), in 20% of those without MMC and in one of 26 with MMC. Autism was significantly more frequent in children with learning disabilities (27% vs. 7%) and in children with CP and/or epilepsy (33% vs. 6%). Conclusion The majority of children with hydrocephalus have behavioural problems and many have autism. It is therefore important to assess and understand all the aspects of cognition and behaviour in these children in order to minimise disability and enhance participation for the child.
j Keywords behaviour -autism -hydrocephalus -myelomeningocele -children behavioural deficits, which is the case when their problems are reported by parents and teachers [28] .
Autism or autism spectrum disorders (ASD) were found in a quarter of the children with hydrocephalus in a population-based study [9] . In that study, not including MMC, preterm birth and the occurrence of additional impairments like cerebral palsy, epilepsy and learning disabilities were more common in children with autistic symptoms. When examining the prevalence of hydrocephalus in children with ASD, a population-based study of 187 Finnish children found that 3% [16] and an English study reported that 2% [2] of the children with ASD also had hydrocephalus, compared with fewer than one per 1,000 with hydrocephalus in the general population [21] .
The purpose of this study was to investigate the prevalence of behavioural problems and autism in a population-based group of children with hydrocephalus and to see whether children with learning disabilities differed in this respect from normally gifted children with hydrocephalus. Another aim was to see whether additional impairments in the form of cerebral palsy (CP) and/or epilepsy increased the risk of behavioural problems and autism. The aim was also to analyse the difference between children with MMC and thereby a more homogeneous background to the hydrocephalus and those with hydrocephalus with a wider spectrum of underlying pre-, peri-, or early postnatally acquired brain lesions. Children born at term were compared with those born preterm in order to see whether the preterm birth per se added to the risk of subsequent behavioural problems or autism.
Methods
This population-based study comprised all 107 children with hydrocephalus born in 1989-1993 in the western Swedish health care region [21] . Six of the children had died and nine had moved out of the region. Of the remaining 92 children, 67 (36 boys and 31 girls) agreed to participate. The children were 5 to 12-years old (mean 8 years 4 month). Seventeen children had been born preterm, defined here as birth before 37 weeks of gestation, and 50 were born at full term. Twenty-six children had hydrocephalus in combination with MMC and 41 had hydrocephalus not associated with MMC, defined here as infantile hydrocephalus. The cognitive level had been assessed with the Wechsler (60 children) and the Griffiths scales (seven children) in a previous part of the study [18] . Twenty-two (33%) of the 67 children were normally gifted with an IQ of >85, 23 (34%) had a low average IQ in the range of 70-85 and 22 (33%) had learning disabilities with an IQ of <70. Hydrocephalus was accompanied by cerebral palsy in five, epilepsy in eight and a combination of both in five of the 67 children.
The 25 (27%) children who were unwilling to participate did not differ significantly from the group that was studied with respect to gender (64% vs. 54% boys), learning disabilities (52% vs. 33%) and percentage with MMC (20% vs. 39%) or preterm birth (40% vs. 25%).
j Measures of behaviour and autism
Behaviour was assessed using the Conners' Rating Scales [4] , with 48 items constituting the parent's questionnaire and 28 items constituting the teacher's questionnaire. The parent's rating scales include the subscales of conduct problems, learning problems, psychosomatic, impulsive-hyperactive, anxiety and the hyperactivity index. The teacher's rating scales include the subscales of conduct problems, hyperactivity, inattentive-passive and the hyperactivity index. The cut-off level for problems much above average is 1.5 standard deviations (T score >65) and, for problems very much above average, 2 standard deviations (T score >70). A standard deviation of 1.5 corresponds to the 95th percentile, which means that only 5% of the children in a normal population reach that level.
Parents of 66 children and teachers of 57 children agreed to participate in rating the children according to the Conners' scales. Ten children were rated only by parents, 56 by both parents and teachers and one child was rated only by a teacher, which means that a total of 67 children were rated using one or both of the scales.
The prevalence of autism was investigated using the Childhood Autism Rating Scale (CARS) [25] . The CARS consists of 15 items, each describing core characteristics of autistic behaviour rated on a scale of 1 to 4. The CARS scores may range from 15 to 60 and children with scores of 30 to 36 are considered to have a mild to moderate degree of autistic behaviour, while a score of over 36 is defined as a severe degree of autistic behaviour.
When screening for signs of autism, two children already had a diagnosis of autism and eleven children did not fulfil the criteria for autism at the first evaluation session and were therefore not re-assessed. The remaining 53 children were all assessed using the CARS. Two children with borderline scores of between 20 and 30 were subsequently re-assessed.
j Design and statistical analysis
The dependent variables (Conners' Rating Scales and Childhood Autism Rating Scale) were expressed in T scores. All the measures were subjected to non-para-metric analysis (Mann-Whitney U-test). For the independent variables of gender, learning disability (IQ <70; IQ >69) and groups (hydrocephalus with or without MMC, term/preterm births, with or without CP and/or epilepsy), Spearman's rank order correlation analysis and v 2 analysis were performed.
j Ethics
Parents, children and teachers agreed to participate in the study after studying written information. The teachers were not approached unless parents had agreed. The study was approved by the Research Ethics Committee of Göteborg University.
Results j Behavioural problems
The parents rated 44 (25 boys and 19 girls) of the 66 children (67%) as having some kind of behavioural problem far above average in one or more of the subscales, i.e., a T score of >65. Forty of the 44 children, or 61% of all the children, were rated as very much above average, i.e., a T score of >70. Eighteen of the 44 children had a T score of >65 in one subscale, ten children in two and 16 in three or more subscales. Almost half the 66 children were reported by their parents to have learning problems and almost onethird to have psychosomatic symptoms. One-third was regarded as hyperactive, according to the hyperactivity index, Table 1 . The teachers of 57 children found that 22 (39%), 11 boys and 11 girls, had behavioural problems far above average in some of the four teacher's scales and 15 (26%) had scores very much above average (T scores >70). Twelve children had scores of >65 in one subscale, one child in two and nine in three or more subscales. According to the teachers, attention problems were the most common, especially in the form of inattention-passivity.
j Behavioural problems in relation to learning disabilities, cerebral palsy and epilepsy
The 23 children with an average IQ (85-115) had fewer behavioural problems than the 21 with an IQ below average (IQ 70-85) and the 22 with learning disabilities (IQ <70), Table 2 . Twenty of the 22 children with learning disabilities had some kind of behavioural problem, compared with 24 of the 44 (55%) children with an IQ of >69, P = 0.01. The teachers also reported a significant correlation between cognitive function and behavioural problems. Problems of this kind were found in seven of 37 (19%) children with an IQ of >69 compared with 15 of 20 (75%) with learning disabilities, P < 0.001.
Eighteen children had additional impairments in the form of CP and/or epilepsy. They were all rated by parents and 16 (89%) were found to have problems in one or more behavioural areas, which was significantly more common than 28 of the 48 (58%) without CP or epilepsy, P = 0.02. On the teacher's scales, seven of the 16 rated children with CP and/or epilepsy had behavioural problems, which did not differ significantly from the 15 of 41 without these additional impairments.
j Behavioural problems in children with infantile hydrocephalus and in children with MMC
Children with infantile hydrocephalus were reported by their parents to have behavioural problems slightly more often than those with MMC. The difference, which was not significant, was most pronounced for the hyperactivity index, where 15 of 40 children with infantile hydrocephalus were rated as hyperactive compared with six of 26 with MMC. The percentage of children regarded as having learning problems was about the same in both groups. Of the 57 children rated by teachers, five of 36 with infantile hydrocephalus were reported to have conduct problems compared with only one of 21 children with MMC. Likewise, the hyperactivity index indicated hyperactivity in nine of 36 children with infantile hydrocephalus compared with three of 21 with MMC. Children with MMC were somewhat more frequently considered to be inactive/passive than those with infantile hydrocephalus, seven of 21 compared with nine of 36, respectively. The differences did not reach significance.
j Behavioural problems in relation to gestational age at birth
Of the 67 children, 17 (25%) were born before 37 weeks of gestation. All 17 were rated by their parents and no significant differences were found between the children born at full term compared with those born preterm, although the latter were reported somewhat more frequently to have anxiety problems. Nor did the two groups differ when the teachers rated 57 children of whom 45 were born at term and 12 preterm.
j Comparison between parents' and teachers' ratings
Parents reported behavioural problems more often than teachers. The results from the two scales, which were possible to compare, i.e. the hyperactivity index and conduct problems, revealed that there was significant agreement for the hyperactivity index (r = 0.41; P < 0.05). Parents rated 21 of 66 (32%) children as hyperactive using the hyperactivity index, while teachers rated 12 of 57 (21%). Conduct problems were reported by parents in eleven (17%) children, compared with six (19%) by teachers.
j Autism
Of the 67 children, two already had a diagnosis of autism before the study and, using the CARS assessment, five more obtained scores above the limit for an autism diagnosis, Fig. 1 . Two children with scores of between 20 and 30 were subsequently re-assessed and were then found to fulfil the criteria for autism. There were therefore nine of 67 (13%) children with a diagnosis of autism.
Autism was significantly more frequent (P = 0.03) in the 22 children with learning disabilities (IQ <70), of whom six had autism (27%), compared with three of the 45 (7%) children without learning disabilities. In children with additional impairments in the form of CP and/or epilepsy, six of 18 had autism, which was significantly more common than the three children with autism among the 49 (6%) without these additional impairments, P < 0.01.
Of the 26 children with MMC, only one had autism compared with eight of 41 (20%) children with infantile hydrocephalus.
Autism was as common in children born at term (seven of 50) as in those born preterm (two of 17).
Discussion
The number of children with hydrocephalus is increasing in society as a result of both the survival of infants born at early gestational ages with a high risk of developing hydrocephalus [11] and improved treatment techniques for hydrocephalus. It is therefore important successively to update populationbased information about the scope and content of the problems associated with hydrocephalus in children. Behavioural problems are common [3, 10, 12, 28] and, in this population-based study, the parents of as many as two-thirds of the children considered that their children had behavioural problems in at least one area of the Conners' scales. When looking generally at the T scores from the Conners' scales in this study, both in the parents' and in the teachers' ratings the majority of the children obtained scores that were very much above average, indicating obvious rather than dubious problems.
This can be compared with the prevalence of behavioural problems in children in general, which has been investigated in several epidemiological studies; the best known is the Isle of Wight study [23] . In that study, about seven per cent of the children were found to have what were labelled as psychiatric disorders, with emotional and conduct disorders as the most common. Furthermore, three to five per cent of all school-age children have been (13) 3 (13) 6 (26) 3 (13) 2 (9) 4 ( reported to have a clinically significant attention deficit/hyperactivity disorder, as defined in DSM-IV [5, 15] . In this study, behavioural problems were about as common in boys as in girls, which is not the case with children in general. The effect of the brain impairment in children with hydrocephalus appears to overshadow the gender difference in the general population. Psychosomatic symptoms were reported by the parents in one-third of the children. It should, however, be pointed out that the questions relating to psychosomatic symptoms include headache and stomach ache. Symptoms of this kind in children with hydrocephalus may result from the malfunction of the ventriculo-peritoneal shunt, thereby representing somatic rather than psychological or psychiatric symptoms.
We found a significant difference between children with learning disabilities and those with a normal or near normal cognitive function. Of the children with an IQ below 70, about 90% had some behavioural problems compared with about half of those with an IQ over 69 and 12% of those with an IQ of >85 according to the parents, while as many as two-thirds of those with an IQ below 70 were considered by the teachers to have behavioural problems compared with about one in five of those who were normally or nearly normally gifted. Hydrocephalus in association with learning disabilities therefore appeared strongly to increase the risk of behavioural problems. This strong association between learning disabilities and behaviour was also reported by Dekker et al., who found disruptive behaviour in 25% and anxiety disorder in 22% of children with intellectual disability [7] .
Moreover, additional impairments in the form of CP and/or epilepsy significantly increased the risk of behavioural problems.
From the teachers' ratings, a pattern emerged in which children with infantile hydrocephalus were hyperactive and those with MMC were more inactive/ passive. This was also reported in a recent study of temperament patterns in children with MMC, where this group differed significantly from the standardised population by being less attentive [27] .
Somewhat unexpectedly, children born preterm did not have behavioural problems more often than those born at term. This was in contrast to a large follow-up study of children born extremely preterm, in which it was found that these children had behavioural problems significantly more often (32%) than children born at term (10%) [26] . It may be that, in our study, the factor of hydrocephalus with its underlying brain lesions overshadowed the smaller contribution being born preterm makes to behavioural problems.
Autism was found less frequently in this study compared with the study by Fernell and Gillberg, who reported autistic symptoms in 23% of children with hydrocephalus without MMC [9] . However, when children with MMC were excluded in this study, eight of 41 (20%) had autism, a similar percentage. This prevalence of autism is much higher than that in the general population, in which it has been suggested that the current rate of autism spectrum disorders (ASD) is between 30 and 60 cases per 10,000, about a quarter of which meet the full criteria for autism [2, 22] .
Several reports have described a connection between autism and the severity of brain dysfunction [2, 9, 13, 16] . In this study, autism was found to be five times more common in children with signs of a more extensive brain lesion resulting in epilepsy or cerebral palsy compared with children with hydrocephalus but without these additional impairments.
Most children with autism in this study also had learning disabilities, which are known to be strongly associated with autism. The prevalence of autism, or pervasive developmental disorders (PDD) in children with learning disabilities has been reported to be in the range of eight to 20 per cent [6, 7] .
The results of this study did not clarify whether the hydrocephalus per se caused behavioural problems or whether they resulted from unspecific brain impairment, or from learning disabilities which caused problems with the regulation of activity, conduct disorder, anxiety and psychosomatic symptoms. Problems of this kind often appear in children with brain lesions but also together with learning disabilities where no underlying brain lesion has been revealed [3, 12, 14, 19, 24] . The same patho-physiological considerations apply to the connection between hydrocephalus and autism, or autistic symptoms. However, as several studies focusing on hydrocephalus have shown an increased prevalence of behavioural problems, some including only children with MMC [1, 17, 27] , some excluding them [10] and some including all children with hydrocephalus [12, 20] , the possibility that the hydrocephalus per se may play an important role cannot be ignored.
It is also necessary to acknowledge that the very special situation of the child with physical impairments, identity problems and possible schooling difficulties also contributes to the perceived behavioural problems.
To conclude, hydrocephalus may result from diverse aetiologies, may be associated with various additional neuroimpairments and the severity of disability may vary, but the majority of the affected children have problems with learning and behaviour and many have autism spectrum disorders. It is therefore important to assess every aspect of cogni-tion and behaviour in order to be able to understand the child and to support and guide caregivers and teachers in their efforts to minimise disability and enhance participation for the child.
